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CHAPTER 2 

Scope of Polymer Formation 
by Plasma Polymerization 



2.1 Preferred Form of Prisma Polymers 

Historically, polymers formed under plasma conditions were recognized as 
an insoluble deposit that provided nothing but difficulty in cleaning the 
apparatus. This undesirable deposit, however, had extremely important 
characteristics that are sought after in the modern technology of coatings, that 
is, (1) excellent adhesion to substrate materials and (2) strong resistance to 
roost chemicals. 

Awareness of the fact that such material could be utilized as an excellent 
coating led to the exploitation of the technical method recognized today as 
plasma polymerization. The undesirable deposit formed in certain electric 
discharge processes was essentially converted to an excellent coating by 
controlling the deposition such that it occurred on an appropriate substrate in 
plasma polymerization. This situation provides an excellent illustration of the 
uniqueness of the preferred form of plasma polymers. 

To appreciate the uniqueness of plasma polymerization, it is useful to 
compare the steps necessary to obtain a good coating by a conventional 
coating process and by plasma polymerization. If one wants to coat a certain 
substrate with a conventional polymer, at least several steps are required: 
(1) synthesis of a monomer, (2) polymerization of the monomer to form a poly- 
mer or intermediate polymer to be further processed in a succeeding step, 
(3) preparation of coating solution, (4) cleaning and/or conditioning of the 
substrate surface by application of primer or coupling agent, (5) application of 
the coating, (6) drying of the coating, and (7) curing of the coating. 

In coating by plasma polymerization, in contrast, all these functional steps 
are replaced by an essentially one-step process starting from a relatively 
simple gas that often is not considered a monomer for polymerization. 

Polymers formed by plasma polymerization aimed at such a coating are 
in most cases highly branched and highly cross-linked. Such polymers are 
characteristically formed during plasma polymerization, although low molcc- 
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uiar weight materials that are soluble in various solvents and noncohe- 
sive powders can also be formed (/). 

Chemical reactions that occur under plasma conditions are generally very 
complex (2-4) and consequently are nonspecific in nature. Such reactions are 
of merit when special excited states of molecules are required as intermediate 
states and cannot be achieved, or can be achieved only with great difficulty, by 
conventional chemical reactions. Thus, plasma polymerization should be rec- 
ognized as a special means of preparing unique polymers that cannot be made 
by other methods rather than as a special way of polymerizing monomers. 

In this context, the most important forms of plasma polymers are ultrathin 
films. The characteristics of ultrathin films require special attention. Many 
bulk properties of a polymer film, such as permeability, electric volume 
resistivity, and dielectric constant, may be considered material constants. In all 
characteristic material constants, a thickness factor is included, and therefore 
these parameters do not change as the thickness of the film varies. This is true 
for a film as long as its thickness is above a certain critical value, that is, 0.05- 
0.1 /un, depending on parameters under consideration. As the thickness of the 
film decreases below the critical value, the constancy of such parameters is no 
longer observed, probably due to the increased contribution of flaws to the 
total film, which progressively increases as the thickness of the film decreases. 

From the technical point of view, it is very difficult to prepare a flawless film 
with thickness below the critical value. With certain polymers that have 
exceptionally good film-forming characteristics, such as cellulose acetate, 
ultrathin films of such thickness as "monolayer" can be prepared by special 
techniques such as the spreading of a dilute solution of polymer on a water 
surface. However, it is extremely difficult to utilize such an ultrathin film in a 
practical manner, and the technique cannot be applied to any kind of polymer; 
that is, the method is highly dependent on the film-forming characteristics of 
polymers. 

Thus, the capability of plasma polymerization to form an ultrathin film 
containing a minimal amount of flaws, if riot completely flawless, is unique 
and is a valuable asset. Many important and useful chemical reactions that 
occur under plasma conditions but do not yield plasma polymers in this 
preferred form are not major subjects of this book. Discussions of such 
reactions can be found in general plasma chemistry texts. 

2.2 Plasma-State Polymerization versus 
Plasma-Induced Polymerization 

Plasma, which contains ions, excited molecules, and energetic photons, can 
be utilized in the general polymerization of organic monomers in a number of 
ways. In the polymerization of a monomer plasma can be considered a kind of 
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Fig. 6\43 ESCA C u peaks of glow discharge polymers of tetrafluoroethylene prepared in a 
reactor shown in the inset: (Q at the end of the glow region; (D) at the end of the tube in the 
nonglow region. Adapted from Yasuda (33). 

i 

contrast, the structure of a polymer formed by plasma polymerization cannot 
be predicted in this way. Perhaps the only sure prediction one could make 
would concern the elements constituting the polymer and, to a lesser extent, 
the elemental ratios. 

This situation becomes clearer once we recognize the fact that plasma 
polymerization is not a regular "molecular polymerization." Such a "non- 
molecular polymerization" can be expressed by the term atomic poly- 
merization. The word atomic might be misleading in a general sense; however, 
insofar as we are discussing the growth mechanisms of polymer formation, 
perhaps atomic polymerization is the most adequate and accurate expression 
of what is occurring in plasma polymerization. 



372 1 1 ELECTRICAL PROPERTIES OF THIN ORGANIC FILMS 

11.2 Dielectric Properties 

of Plasma-Polymerized Organic Films 

11.2.1 COMPARISON BETWEEN DIELECTRIC 

PROPERTIES OF PLASMA-POLYMERIZED 
MATERIALS AND CONVENTIONAL 
POLYMERS 

As mentioned earlier, the initial hopes for the rapid application of plasraa- 
polymenzed films as dielectric materials for microcapacitors have not yet 
become a reality. Such hopes may have been derived simply from the 

IV!, 0 ?* 0 ^ 8 the thickne ? S of these 511118 at ver y ' ow levels, 
51000 A. Indeed, today we have the means of controlling the thickness of 
these films in the range as low as 200 A. The thickness argument was so 
suggestive that it initially shadowed the disadvantages of some other dielectric 
parameters of plasma-polymerized films. 

There are at least two aspects of the dielectric characteristics of plasma 
polymers that make these materials less satisfying than conventional poly- 
mers. One is the instability of the properties, which is connected to aging 
problems, and the other is the dielectric loss, which is about an order of 
magnitude higher than that of conventional polymers. According to Segui and 
Bui Ai (13\ plasma-polymerized films compare well with conventional 
commercially available plastics with regard to dielectric strength, which 
usually amounts to -500 V/pn, and permittivity, which is usually 3 The 
dielectric loss tangents, however, are an order of magnitude higher being in 
the range of 10 , for instance, for plasma-polymerized styrene versus 10"* for 
conventional polystyrene {13)., 

A comparison between conventional polymers and plasma-polymerized 
materials is of a formal nature because, from the structural point of view, they 
are quite different materials, as discussed in the previous chapters. It does 
show, however, the significant features of both groups of materials. Table 1 1.1 
(74) lists the dielectric parameters of some conventional polymers versus those 
of the corresponding plasma-polymerized, materials. It can be seen from the 
table that the dielectric constants of the plasma-polymerized films are only 
slightly higher than those of the conventional polymers, whereas the losses of 
plasma polymers are at least an order of magnitude higher. 

Most of the conventional polymers presented in Table 11.1 are nonpolar, 
and accordingly the dielectric losses are extremely low. For the sake of 
comparison, however, the dielectric parameters for two typical polar polymers 
[polyvinyl chloride) and Mylar] are also shown, and it is clear that their losses 
are also significantly higher. Plasma polymers contain a certain number of 
polar groups (15-17) independent of whether the monomer used was polar or 
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UV EXPOSURE FOR IMPROVING films on a semiconductor wafer which provides for exposure 

PROPERTIES AND ADHESION OF of the wafer surface to ultraviolet (UV) radiation before, 

DIELECTRIC POLYMER FILMS FORMED during, and/or after the deposition process. 

BY CHEMICAL VAPOR DEPOSITION in one embodiment, the present invention is an 

BACKGROUND OF THE INVENTION 5 u ^ rav iolet-assisted chemical vapor deposition system, a 

. r . , . r . . . CVD svstcra that incorporates a UV light source. The CVD 

n. ° lnvcntlon , system'inciudes a deposition chamber, a chuck disposed on 
fnis invention relates to deposition of hlms on a substrate a pedestal for supporting a semiconductor wafer, and a UV 

by chemical vapor deposition and more particularly to lamp positioned above the chamber, and directed toward the 
deposition of films with improved properties by including seraiconductor wafcf , so as lo uniformly illuminate the 

exposure to ultraviolet light in the deposition process. J ' wafcr 

2. Description of Related Art T . .. . . . , , 

i « j.j j • « . t . , * In one embodiment, the invention includes a tube-shaped 

Advanced semiconductor devices having higher pertor- monomi . r manif()ld fo , sllp ,, vin lhc Bhn precursor< 

Xnlh ,rlS h?t Ti!l y I " n TT dCV ' CC ? P osed wi,hi " ^ d *P™"™ chamber, above the semicon- 

otlen characterized by decreasing device feature geometries. \ , n . c , , . 

As device geometries become Smaller, the dielectric con- » ^ uctor wafer ' ^central opening of the ^be-shaped distn- 

stant of an insulating material used between conducting bull0n s y stem 15 aI, ^ ned 10 allow h & hl trom lhc UV lam P 10 

paths becomes an increasingly important factor in device uniformly cover the wafer surface. In anolher embodiment, 

performance. Reducing this value advantageously lowers the CVD system ot the present invention includes an optical 

power consumption, reduces crosstalk, and shortens signal window made of a suitable material that transmits ultraviolet 

delay for closely spaced conductors. 20 tig* 1 *. sucn as quartz or sapphire, installed at the lop of the 

Organic polymers are advantageously used to provide deposition chamber, above (he monomer distribution 

insulating films for low dielectric constant applications. system, allowing light from the UV lamp to enter the 

Many of these films are typically applied by chemical vapor chamber. 

deposition, a process that is widely used in the semiconduc- In further embodiments, the present invention includes 

tor industry. The dielectric constants of organic polymer 25 processes for improving the properties of polymer films 

films are typically between 1.5 and 3, considerably lower applied to semiconductor wafers in CVD processes by 

than the dielectric constant of approximately 4 of a silicon exposing them to UV radiation. The processes include one 

oxide (Si0 2 ) film, tbe material often employed as an insu- or more depositions, one or more UV exposures, and one or 

lating material in conventional devices. However, while more anneals. In one embodiment, the process is a post- 

SiO* adheres easily to the silicon, silicon -containing, or 30 deposition process in which a polymer film on a wafer is 

metal surfaces of typical semiconductor devices, organic irradiated after deposition is completed. In this case, the 

polymer films do not generally adhere as well to these order of the process is: deposition, UV treatment, anneal, 

semiconductor substrates. In addition, organic polymer films Alternatively, the U V exposure and anneal can be reversed 

often do not exhibit the hardness and thermal stability so that the order of the process is: deposition, anneal, UV 

desired of films used as insulating layers in semiconductor 35 treatment, followed by an optional second anneal, 

devices. j n another embodiment, the process has two depositions. 

It is known that exposing organic polymer films to ultra- According to one version of the multi-deposition process, 

violet (UV) radiation promotes cross-linking of polymers in first, a thin layer of film is deposited on a wafer surface, 

the films, a process which is associated with increased Second, the thin layer is exposed to UV radiation. Third, 

hardness, improved thermal stability, improved film 40 additional polymer is deposited on the UV-treatcd film until 

cohesion, and reduced subsequent outgassing of the films. a desired thickness is achieved. According to a second 

For example, the improved thermal and mechanical stability version, the second deposition is followed by a second U V 

obtained by cross-linking fluorocarbon polymer chains is treatment. In both versions, the process also includes a final 

described in R. A. Flinn el al. in "Engineering Materials and anneal. 

Their Applications," pp 370, 409 {T 4 Ed., 1981). It is also 45 The invention also includes an in situ UV-assisted depo- 

known that simultaneous irradiation of organic materials sition process in which the wafer surface is exposed during 

during polymerization is often advantageous for promoting deposition. Tlic deposition followed bv UV treatment, at the 

the completion of polymerization. slart of the multiKleposition processes, could alternatively 

However, as stated previously, many low dielectric con- be replaced by an in situ UV-assisted deposition. In another 
slant films are typically applied to semiconductor wafers in 50 embodiment, a UV-pre-cleaning process is provided in 
chemical vapor deposition (CVD) processes and conven- which a wafer surface is exposed lo UV irradiation before 
lional CVD systems are not designed to accommodate a deposition begins. Any of the post-deposition or multi- 
light source directed at the wafer surface. deposition processes presented above can be preceded by 

Thus, it would be desirable to provide a process to UV-pre -cleaning. Finally, a UV-assisted annealing procc- 
improve the hardness, thermal stability, and adhesion prop- dure is provided in which the wafer is exposed to UV 
c nies of low dieieeiric constant organic films. It would be radiation during annealing. In either the post-deposition or 
desirable to improve these properties by cross-linking the multi-deposition processes, in versions when the UV expo- 
polymer films by exposure to UV radiation. It would also be sure is followed by the final anneal, this part of the process 
desirable to promote completion of polymerization during can be replaced by a single UV-assisted anneal, 
deposition by exposure to UV radiation. "it would further be <*> RRIFF np^f RtPTinisr nv nir hp AU/iMrc 
desirable to provide a CVD apparatus for the deposition of " R,EF ^ ASCRIPTION Ob THE DRAWINGS 
such films that includes a means to expose wafer surfaces to ^ e features, aspects, and advantages of the present 
UV radiation. * invention wdl become better understood with regard to the 

SUMMARY Or THE INVENTION (i? ^Z^S^^ appcndcd c,lin * and ™P™^ 
The present invention is directed to a chemical vapor FIG. I illustrates a cross-sectional view of an ultraviolet- 
deposition (CVD) system for the deposition of polymer assisted chemical vapor deposition system. 



US 6,284,050 131 



FIG. 2 illustrates a cross-sectional view of the deposition 
system taken at section 2 — 2 shown in FfO. I. 

FIG. 3 is a graph showing the measured percentage of 
transmitted ultraviolet energy versus film thickness for 
Parylcnc AF4 films. - s 

FIG. 4 is a graph displaying tilm -substrate interface 
adhesion (kpsi) versus iraasmilted ultraviolet energy lor 
Parylene AF4 films. 

Reference numerals referring to the same feature appear- 
ing in multiple figures are the same. 

DETAILED DESCRIPTION 

The description of the invention is intended to be illus- 
trative only and not limiting. 

Referring to FIG. 1, an illustrative ultraviolet assisted 
chemical vapor deposition (CVD) system 100 for applying 
polymer films to semiconductor wafers is shown. 
Advantageously, the deposition system 100 allows ultravio- 
let (UV) light to uniformly and control lably illuminate the nQ 
surface of a semiconductor wafer before, during, and/or after 
deposition. 

FIG. 1 presents a side cross-sectional view of a CVD 
system 100. The CVD system 100 includes a cylindrical 
deposition chamber 104 containing a low temperature clcc- 2 5 
trostatic chuck 108 supported on a pedestal 110. A semi- 
conductor wafer 112 is supported on the electrostatic chuck 
108. The deposition chamber 104 further includes a tube- 
shaped exhaust pump manifold 114 encircling the wafer 112. 
The exhaust pump manifold 114 has a plurality of exhaust j 0 
pump inlet openings 116 spaced around the bottom edge of 
the manifold. Advantageously the exhaust pump inlet open- 
ings 116 are as close to the level of wafer 112 as possible 
without interfering with the wafer transfer system for intro- 
ducing the wafer into the chamber (not shown). The exhaust 35 
pump manifold 114 has several exhaust pump outlet lines 
118, spaced evenly around the chamber, arid communicating 
through the chamber wall. Advantageously, the exhaust 
pump manifold 114 has 2, 4, or 6 exhaust pump outlet lines 
118. m 

As shown in FIG. 1, the deposition chamber 104 further 
includes a tube-shaped manifold 120 for introducing mono- 
mer precursor of the polymer film being deposited, located 
directly above wafer 112 and centered around the wafer. The 
monomer precursor is introduced in gaseous form into the 45 
lop side of tbc monomer manifold 120 through monomer 
inlet lines 128, evenly spaced around the chamber. Typically, 
two or four monomer inlet lines 128 are used. 

Both exhaust pump manifold 114 and monomer manifold 
120 have an annular shape and are concentric with the 50 
central axis of wafer 112. A plurality of monomer outlet 
holes 136 is located around the inner surface of the monomer 
manifold 120. The inner diameter of the monomer manifold 
120 is selected so that monomer is introduced at the outer 
edge or outside of the outer edge of the wafer 112. For 55 
processing an 8- inch semiconductor wafer, the inner diam- 
eter of the lube-shaped monomer manifold 120 is preferably 
between 8 and 12 inches. For processing a 12-inch semi- 
conductor wafer, the inner diameter of the monomer mani- 
fold 120 is preferably between 12 and 16 inches. Optionally, 60 
the diameter of the monomer outlet holes 136 varies, being 
larger for the holes furthest away from the monomer inlet 
lines 128. Referring to FIGS. 1 and 2, monomer baffle plates 
124 are disposed inside the monomer manifold 120, under 
the monomer input lines 128, to prevent direct flow of 65 
monomer from the monomer input lines 128 to the monomer 
outlet holes 136. As shown in FIG. 1, the inner diameter of 



the exhaust pump manifold 114 is larger than the inner 
diameter of the monomer manifold 120 to pump away 
excess monomer from the side of the wafer and from below 
the wafer plate, for better monomer condensation. 

FIG. 1 additionally illustrates an optical window 140 that 
transmits ultraviolet light. The window 140 is interposed 
between the deposition chamber 104 and the tamp chamber 
150. Preferably the window 140 is made of quartz, for 
example the GE124 window, or of sapphire. An ultraviolet 
lamp 154 is mounted in the lamp chamber 150 above the 
window 140, centered above the wafer 112. The UV lamp 
emits high intensity light in the wavelength range between 
200 and 450 nm, and typically in the range between 230 and 
350 nm. The maximum UV radiance on the wafer surface is 
preferably from 0.5 to 1 W/cm" and the non-uniformity of 
UV radiance is preferably less than 5%. Suitable UV lamps 
include high-pressure mercury-based arc lamps, high- 
pressure mercury -based electrodeless microwave or radio 
frequency lamps, high-pressure xenon arc lamps, and nar- 
row gas barrier discharge lamps. 

In operation, the window 140 is kept at an elevated 
temperature to prevent condensation of organic polymer film 
on the window. In some embodiments, the window 140 is 
healed by the UV lamp 154. Alternatively, a separate healer 
(not shown) is installed adjacent the window 140. 

An ultraviolet reflector 158 is mounted above the ultra- 
violet lamp. The UV lamp 154 shown in FIG. 1 has spherical 
symmetry. The UV reflector 158 is substantially parabaloi- 
dal in shape so as to uniformly illuminate the circular 
semiconductor water 112. It will be appreciated that varia- 
tions of the lamp and reflector geometries described above 
are possible. For example, the UV lamp 154 am be a linear 
array. In that case, the ultraviolet reflector 158 consists of 
multiple components, each component located over one 
lamp in the linear array so as to uniformly illuminate the 
circular wafer. Each component of the reflector is a segment 
of a parabolic cylinder. 

A lamp power supply 160 is located outside the UV lamp 
and connected electrically thereto. In some embodiments, an 
optical shutter 144 is mounted directly below the window 
140 to control the exposure of the wafer surface to U V light 
without turning the lamp on and off. Preferably the response 
time of the optical shutter is less than 2 seconds. In alter- 
native embodiments, the lamp power supply 160 is a pro- 
grammable continuous power controller which turns the 
lamp on and off with response times less than 2 seconds. 

In certain embodiments of the present invention, 
UV-assistcd CVD processes for improving properties of 
polymer Alms applied to semiconductor wafers arc pro- 
vided. In these processes, organic polymeric films, applied 
to semiconductor surfaces by chemical vapor deposition are 
exposed to ultraviolet radiation before, during and/or after 
the deposition process. The processes are used advanta- 
geously to improve the adhesion of polymer films, such as 
films of poly(tetrafluoro-p-xylylenes), known as Parylene 
AF4, to silicon surfaces. Other examples of organic poly- 
mers used to form low dielectric constant lilms on semicon- 
ductor wafers include other members of the class of poly 
(p-xylylenes), known as parylenes, particularly Huorinated 
poly(p-xylylenes). Additional examples include the 
parylenes, Paryiene N, Parylene (', and Parylene I); 
Polynaphlhatene-N and Polynaphthalene-F; 
polytetrafluoroethylene, or Teflon; and various fluorocar- 
bons for thermal CVD applications. 

In one embodiment, the process is a post-deposition UV 
treatment. For example, a Parylene film, of typical thickness 
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( ,«m, is deposited oh a bare silicon substrate of a semicon- Delayed UV exposure allows polymerization initiation and 

duetor wafer in a conventional CVD chamber. Alternatively, first phase polymerization propagation before cross-linking 

the wafer surface is silicon oxide, silicon nitride, titanium is started. 

nitride, or other typical semiconductor substrates. After i„ . t A,u.;„ n n „i, M , • i , i i 

, ^ t- ■ . it , . * . , In addition, an ultravioet pre -cleaning process is a so 

providcd.ln^^^ 

-seconds, typically from 10 to 90 seconds, at between 100 7^°° t0 l ^ ° v t0 scc «* bck)fc ,^ st f £ 
and 600 mWicm : in the wavelength band between 200 and de £ >sllK ? n - T >'P lcal UV "radiance is between 100 and 600 
450 nm. The wafer temperature is between -50° C and 450° ™ W ', Cnr m * c <^S lh L ™nd telvnxu Ml and 450 nm. 
C. during UV treatment. The UV exposure is carried out in m Prc ' dcpo f on A LV "Jf""* «w«B«a» and cleans the sub- 
an atmosphere of bU 0„ H., C> 4 , NK, NH„ Ar, Kr or He f atC SUrtaCC - ^ of the P™ 1 ^*'"™ treatment or muln- 
or in combinations thereof at a pressure of from several Torr *fV*«™ descnbcd above can ^ l™* ded b ? 

to slightly above atmospheric pressure. Alternatively, the prc-Ueamng, 

UV exposure is carried out in vacuum. After U V exposure, Hnally, a UV-a&sislcd annealing procedure is provided in 

the wafer is annealed at between 250° C. and 450° C in an iS which lhe wafer is ^P 05 * 0 " to uv radiation during thermal 
atmosphere as described above or in vacuum. annealing, For the UV-assisted annealing process, the wafer 

In another embodiment, the process for improving the * ^P 0 ^ ™ a temperature controlled heated chuck in a 
properties of organic polymer films has multiple deposi- cbam ^ r f P uralc from lhe The a ™eal- 

lions. First a thin layer of organic polymer film is deposited ^ hambcr 15 a chamber in a multi-chambered 

on a semiconductor wafer surface. For example, a from 0.05 . 0 CVD a PP ara ' us or 15 3 completely .separate unit. Annealing 
ftm to 0.50 //m thick film of Parylene material is deposited ,S conducted ,n an atmosphere as described above for the 
by a CVD process. Then the deposited layer is exposed to P™t-de position process. In either the post-deposition or 
U V radiation. For example, the 0.05-0.50 /mi thick Parylene multi-deposition processes, in versions when UV exposure 
film is exposed for from 5 to 300 seconds, typically 60 ® foUowed b ? the hnal anneaI . tbl& P art of thc P rocess can 
seconds at between 100 and 600 mW/enr. Immediately , 5 re P laced b V a sin S le UV-assisted anneal 
after exposure, additional organic polymer is deposited on "* !t wiU be appreciated that post -deposition UV treatment is 
the UV-treated film without additional UV exposure until a also advantageously used to improve the adhesion, film 
desired thickness, for example between 0.7 jam and 2 /tm, is cohesion, hardness, and thermal stability of polymer films 
achieved. In one version of the multi-deposition process, the applied by spin-on and spray-on processes. For example, 
second deposition Ls followed immediately by an anneal. ^ sp^-on polymers include polyiraides, fluorinated 

In a second version, the second deposition is followed by * polyimides, poly(arylene ethers), fluorinated poly(arylene 
a second UV treatment, of from 10 seconds to 300 seconds ethcr$ > benzocyclobutene, fluorinated benzocyclobutene, 
at between 100 and 600 mW/cnr. In certain embodiments and P°iycyclonorborncncs. Spin-on glass materials such as 
all of the foregoing process is performed in the UV-assisted h y dro S cn silsesqiaoxane and organo silsesquioxanes are 
CVD apparatus described above. In alternative « aIso advantageously treated by UV exposure. Post- 
embodiments, the thin film is deposited in a multi- " deposition UV exposure of nanofoara polymers or aerogels, 
chambered conventional CVD apparatus, and the wafer is porous Poty'mides, and nanoporous silica aerogels is also 
transferred to a second chamber equipped with a UV lamp, Wlthin tbe ^P* of lhe P resem invention, 
for exposure to UV radiation. After exposure, the wafer is ^ advantages of embodiments of the present invention 
returned to the first chamber for deposition of additional 40 wiI1 be further described and understood by reference to the 
thickness of material. When the UV exposure is performed following working examples. These examples arc provided 
in the deposition chamber, the wafer temperature is between 10 illustrate the present invention and do not provide limits 
-50° C. and 0° C. during exposure. When the UV exposure or restrictions thereto. 

is carried out in a separate chamber, the wafer temperature The strength of adhesion between an organic polymer film 

is between -50° C. and 450° C. during exposure. Finally, the 45 and a silicon surface is proportional to the transmitted U V 
wafer is annealed at between 250 and 450° C in an energy at the interface between the polymer film and the 
atmosphere as described above for the post-deposition pro- silicon surface, as demonstrated below in Example I. 
cess. Alternatively, the wafer is annealed in vacuum. 

The invention also includes an in situ UV-assisted depo- EXAMPLE 1 

sition process, in which the wafer is exposed in situ during 50 Layers of Parylene AF4, with thicknesses 0.3, 0.8, and 1 .0 
deposition. Ine UV lamp illuminating the water surface is ,«m were deposited on the bare silicon surface of 30 standard 
turned on at the same time the deposition process begias. 8-inch wafers in a research laboratory chemical vapor depo- 
Irradiation can lie provided during lhe entire deposition sition apparatus. The coated wafers were transferred to a U V 
process or only during deposition of the first 0.05 to 0.5 //m chamber in a nitrogen atmosphere at 14 psi and exposed to 
of the film. The exposure is either carried out continuously 55 300 mW/cm 2 of UV light having a wavelength between 230 
during deposition or periods of exposure are alternated with and 350 nm for 90 seconds from a mercury-based hiijh 
periods during which the UV lamp is turned off. For pressure lamp. The wafers were annealed at 400° C. for" I 
example, a from 10 to 30 second period of exposure may hour in a nitrogen atmosphere. The thickness of the film on 
alternate with a from 10 to 30 second period without each .sample was determined by a Tencor Prometrix Spec- 
exposure. The deposition followed by UV treatment at the 60 tramap Model AutoSM300. 

start of the multi-deposition process, could alternatively be Adhesion of (he film lo lhe surface was dclcrmintd by a 

replaced by an in situ UV-assisted deposition. UV exposure stud pull lest as follows: Ten 0.5" bv 0.5" pieces were 
occurring at lhe time of deposition promotes cross-linking of cleaved from each of the coated wafers. Aluminum studs, 
the polymer at the interface between the polymeric film and kept at freezer temperature until 2 hours before use were' 
the substrate, promoting adhesion of the polymer to the r»5 clipped to the center of each piece and baked on a hot plate 
substrate. In certain embodiments, UV exposure is begun a at 150* C. for 65 minutes. The pieces were allowed to coo! 
tew seconds alter the start of the deposition process. for 45 minutes before testing. A Sebastian Model 5 stud- 
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puller instrument was used to measure the adhesion strength 
of the polymer film. The end of the stud was clamped into 
the instrument and pulled upon until the system sensed a 
break. The value recorded is expressed in kpsi (thousand 
pounds per square inch), For each wafer, the mean of the 5 
values for the ten samples is plotted in FIG. 4. The trans- 
milled UV energy at ihc interface between the Parylene him 
and the wafer substrate was calculated from the measured 
percentage of transmitted UV power versus film thickness 
given in FIG. 3 and the measured thickness of each sample. 10 
FIG. 4 displays adhesion versus transmitted ultraviolet 
energy for thirteen samples. FIG. 4 demoastrates that the 
adhesion of an organic polymer film to a silicon surface is 
linearly proportional to the transmitted UV energy at the 
interface between the polymer film and the silicon surface. 15 

EXAMPLE 2 

Layers of Parylene AF'4 were deposited on bare silicon 
wafers in a CVD reactor according to the processes listed in 
Table 1, below, which also lists the thickness and adhesion 20 
of the resulting films. Layer thickness and adhesion were 
determined as in Example 1, above. In all cases, UV 
exposure was at 150 mW/cm 2 at wavelengths between 230 
and 350 nm for the duration indicated. The anneal was at a 
temperature of 400° C. for 1 hour in a nitrogen atmosphere. 25 
For each example, the process was conducted as indicated 
by reading down the column, starting at the top. Procedures 
that were not applicable for a particular example are indi- 
cated by a dash. In example 2b, first approximately 1 //ra of 
Parylene AF4 was deposited on a wafer. The coaled wafer 30 
was then annealed and, finally, exposed to UV radiation for 
600 seconds. Example 2a is the control case, in which there 
was no UV exposure. 
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depositing a layer of a low dielectric constant polymer 
material on said wafer by chemical vapor deposition to 
form a coated wafer; 
exposing said coated wafer to ultraviolet radiation; and 
heating said coated wafer, wherein the polymer film is 
annealed. 

2. The process as in claim I wherein the iow dielectric 
constant polymer material is a poly(p-xylylene) or a lluori- 
nated poly(p-xylyjene). 

3. The process as in claim 2 wherein the low dielectric 
constant polymer material is Parylene AF4, Parylene N. 
Parylene C, or Parylene D. 

4. The process as in claim 1 wherein the low dielectric 
constant polymer material is a material selected from the 
group consisting of Polynaphthalene-N, Polynaphthalene-F, 
and polytetrafluoroethylene. 

5. A process for increasing the adhesion of a polymer film 
to a semiconductor wafer comprising: 

depositing a film of a Iow dielectric constant polymer 

material on said wafer; and 
subsequently exposing said wafer to ultraviolet radiation, 

wherein the adhesion of said film to said semiconductor 

wafer is increased. 

6. The process as in claim 5 wherein the low dielectric 
constant polymer material is poly(p-xylyiene) or fluorinated 
poly(p-xylylene). 

7. The process as in claim 6 wherein the low dielectric 
constant polymer material is Parylene AF4, Parylene N, 
Parylene C, or Parylene D. 

8. The process as in claim 5 wherein the low dielectric 
constant polymer material is a material selected from the 
group consisting of Polynaphthalene-N, Polynaphthalene-F, 
polytetrafluoroethylene, polyimides, fluorinated polyimides. 



TABLE 1 



Process and Results for UV-Assisted Parylene 
Kim Deposition 



Process 


Example 


Example 


Example 


Example 


Example 


Example 

21 


Example 


2b 


2c 


2d 


2e 




Approximate 


1.0 


1.0 


1.0 


0.15 


0.15 


0.35 


0.45 


thickness 












AF4 layer 
















(/an) 
















UV Exposure 






600 


00 


60 


60 


ISO 


(see) 














Anneal 


yes 


yes 


yes 










Approximate 








0.90 


0.90 


0.90 


0.45 


thickness 














AF4 layer 
















(urn \ 
















IV Exposure 




600 




60 


ISO 




ISO 


fSCC} 












Anneal 
Measured 


0.95 






ves 

0.90 


yes 

o.yo 


yes 


yes 
0.70 


thickness 












i/tmj 
















Adhesion 


0.3-4). 5 


1.73 


3.1ft 


i.JO 


1.40 


2.97 


J. 41 


(kpsi) 















Comparing Examples 2h-2g with the control case 
Example 2a, it will he understood that the processes of the 
present invention advantageously improve the adhesion of 
polymer films by exposure to ultraviolet radiation. 

What is claimed is: 

1. A process for depositing a polymer film on a semicon- 
ductor wafer comprising: 



polyfarylene ethers), tluorinated polyfarylene clhers) 
bcnzocyclobulcnc, fluorinated bcnzocyclobulcnc. 
polycycionorbornenes, hydrogen silsesquioxanes, organo 
silsescjuioxanes, nanofoam polymers or aerogels, porous 
polyimides, and naooporous silica aerogels. 

9. A process for depositing a polymer film on a semicon- 
ductor wafer comprising exposing .said wafer to ultraviolet 
radiation during chemical vapor deposition of said film. 
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10. The process as in claim 9 wherein (he process for 
depositing a polymer film includes the process tor deposit- 
ing a film of a poly(p-xylylene) or a fluorinated po!y(p- 
xylylenc). 

11. The process as in claim 10 wherein the process for 5 
depositing a film of a poiy(p-xylylene) or a fluorinated 
poly(p-xylylene) is the process tor depositing a film of 
Parylcne AR, Parylene N, Parylene (\ or Farylene D. 

12. The process as in claim 9 wherein the process for 
depositing a polymer lilm includes the process for deposit- to 
ing a film of a material selected from the group consisting of 
Polynaphthalene-N T Polynaphthalene-F, and polytetrarluo- 
roethylene. 

13. A process for depositing a polymer film on a surface 

of a semiconductor wafer, the process comprising: is 
exposing said surface to ultraviolet radiation; and 
depositing said polymer film on said exposed surface. 

14. The process as in claim 13 wherein the process for 
depositing a polymer film comprises the process for depos- 
iting a film of a poly(p-xylylene) or a fluorinated poly(p- 30 
xylylenc). 

15. A process for depositing a polymer film on a semi- 
conductor wafer, the process comprising: 

depositing a layer of a low dielectric constant polymer , 5 
material on said wafer to form a coated wafer; and 

exposing said coated wafer to ultraviolet radiation while 
heating said coated wafer, wherein said layer of poly- 
mer material is annealed. 

16. The process as in claim 15 wherein the polymer film w 
is a film of a poiy(p-xylylene) or a fluorinated poly(p- 
xylylene). 

17. A process for depositing a polymer film on a semi- 
conductor wafer comprising: 



depositing a first layer of a low dielectric constant poly- 
mer material on said wafer by chemical vapor deposi- 
tion; 

exposing said first layer to ultraviolet radiation; 

depositing a second layer of said low dielectric constant 
polymer material on said first layer to form said poly- 
mer film; and 

heating said polymer film, wherein said polymer film is 
annealed. 

18. The process of claim 17 further comprising exposing 
said polymer film to ultraviolet radiation before heating said 
polymer film. 

19. The process of claim 17 wherein said low dielectric 
constant polymer material is a polytp-xylylene) or a fiuori- 
natcd poly(p-xylylcnc). 

20. The process of claim 1 wherein exposing said coated 
wafer to ultraviolet radiation is exposing said coated wafer 
to ultraviolet radiation at an intensity of between 100 and 
600 mW/cnr. 

21. The process of claim 5 wherein exposing said wafer 
to ultraviolet radiation is exposing said wafer to ultraviolet 
radiation at an intensity of between 100 and 600 mW/cnr. 

22. The process of claim 9 wherein exposing said water 
to ultraviolet radiation is exposing said wafer to ultraviolet 
radiation at an intensity of between 100 and 600 mW/cnr. 

23. The process of claim 15 wherein exposing said coated 
wafer to ultraviolet radiation is exposing said coaled wafer 
to ultraviolet radiation at an intensity of between 100 and 
600 mW/cm 2 . 



